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The behaviour of a non-canonical scalar field within an anisotropic Bianchi type
I, spatially homogeneous, Universe in the frame work of the intermediate inflation
will be studied. It will be examined on the condition that both the anisotropy and
non-canonical sources come together and is there any improvement in compatibility
with the observational data originated from plank 2015?. Based on this investigation
it can be observed that automatically a steep potential which can manage inflation
in a better way will be obtained. Additionally, as a common procedure for an infla-
tionary study, we shall try to calculate the related inflationary observables such as
the amplitude of the scalar perturbations, scalar and tensor spectral indices, tensor-
to-scalar ratio, the running spectral index, and the number of e-folds. As an exciting
part of our results, we will find that our model has a good consistency compared
to data risen by CMB and different Planck results. To justify our claims, the well
known canonical inflationary scenario in an anisotropic Bianchi type I Universe also
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2I. INTRODUCTION
Based on over three decades of large-scale investigations [1–7], obviously the inflationary
paradigm is going to be the corner stones of modern cosmology. The inflation theory can
describe the early Universe evolutions successfully and also could be considered as a remedy
for three vital problems which old big bang theory was faced i.e. the flatness, horizon and
heavy monopoles problems [8–13]. Besides, it seems to obtain a correct ratio for tensor-
to-scalar ratio and, in general, a correct behavior of primordial perturbations this model
is requisite [9, 14–21]. In the standard inflation model, the potential term of Lagrangian
is dominated comparing to the canonical kinetic term, i.e. the potential term dominated
during inflation [8, 9, 12, 13]. However there exist inflationary models in which the kinetic
term has different form from the canonical one, namely non-canonical models, such as Dirac-
Born-Infeld (DBI) action where the non-canonical kinetic term is attributed to the scalar
field. It could be realized that DBI scalar field model can be assumed as a subset of k-
inflation scenario [22–32]. The observational constraints on k-inflation and its perturbations
have been considered in literature [23] and [24]. Here we should emphasis despite a huge
number of inflationary models, the precise data originated from inspecting Cosmic Microwave
Background, CMB, have been reduced dramatically the number of allowable inflationary
models [33–35]. Additionally, some other noticeable researches have been worked out in the
context of non-canonical inflationary scenario and we refer the reader to [25–31]. In [28] it
was shown that one can reduce the values of slow-roll parameters and accordingly the slow-
roll regime condition can be obtained very easily by using of a non-canonical Lagrangian
than the canonical case. In addition, it has been shown that the steep potentials connected
to dark energy in the canonical setting can drive inflation in the non-canonical framework
precisely [28]. In the non-canonical setup, the power law inflation is consistent with the
observational results and one can obtain a way to end the inflation and it causes to get rid
of changing the form of the power law of the scale factor surrounding the horizon exit [29].
Mostly there are exist various ways to, in the slow-rolling inflationary scenarios, obtain
expression of observables such as the tensor and scalar spectral indices, the running of them
and tensor-to-scalar ratio. Amongst them one can refer to the introducing different types for
scale factor to run inflation and then examining the results comparing to observations. Here
we are interesting to the intermediate type, which is the most generic and well-known, to
3investigate its role to derive inflation and for the first time has been presented by [36]. In this
procedure, the scale factor introduced as an exponential function based on the cosmic time,
i.e. a(t) = exp
(
κtf
)
, κ > 0 where usually 0 < f < 1 [37, 38]. It leads to an asymptotically
negative power-law potential, we can refer the steep potentials for instance [39]. Here we
can supply the reason why people named these set of scale factors the intermediate ones.
For them usually the expansion of the Universe is faster than the case which made by power-
law one, i.e. (a(t) = tp, p > 1), and slower than de-Sitter inflation (a(t) = exp(Ht), H =
constant). It is interesting also we mention here that in Einstein gravity intermediate
inflation for α = 2/3 creates scale invariant perturbations [36–38, 40]. One important
reason to consider the intermediate inflation is its results for tensor-to-scalar ratio and
scalar spectrum index which are in a good agreement comparing to the CMB data [41].
Due to advantages of the intermediate proposal in solving problems of inflation this scenario
preserve an appropriate place in the community and for more details we can refer the reader
to the literature [42–46] and references there.
The majority of investigations to find out dynamical evolution of inflationary models have
been done in a homogenous and isotropic background for instance Friedmann-Lemaitre-
Robertson-Walker, FLRW, metric. However, a bit little deviation of isotropy at the level
of 10−5, has also been proposed by Bennett et al, and subsequently this suggestion was
approved by high resolution Wilkinson Microwave Anisotropy Probe, WMAP [47, 48]. We
should emphasise here although according to recent studies the anisotropy should be small
its imprints in large scale structure formation are considerable. To justify this claim the the
effects of anisotropy on the early Universe evolutions and especially the primary seeds of
structure formation in the frame work of Bianchi type I (BI) exactly have been investigated
[49–54]. Amongst the Bianchi different types we can refer to the Kasner-type as a specific
one; in which cosmological scale factors evolve by a power-law function of time. In General
Relativity, GR, the vacuum Kasner solutions [55] and their fluid filled counterparts, the BI
models, were verified effectively as a starting point for the investigation of the structure of
anisotropic models. Barrow and Clifton [56, 57] have shown that it is possible finding out
the solutions of the Kasner type for Rn-gravity. Newly, the authors in [58] have discussed the
effects of low anisotropy on the interacting Dark Energy, DE, models and have shown the
advantages of their model comparing to the standard FLRW, Λ Cold Dark Matter, ΛCDM,
and wCDM model results. Additionally, they showed that the anisotropy should get a non-
4zero value at the present time. Let’s again turn our attention to the BI Universe; in fact
the BI model is a straightforward extension of the flat FLRW metric so we can emphasize
that it is the simplest model of anisotropic but homogenous Universe with spatial flatness.
Against the FLRW Universe, which has a same scale factor for its three spatial directions,
in the BI Universe the scale factor could change in different independent directions. Hence
the study of inflation in an anisotropic Universe has much more advantages than isotropic
one. Therefore, based on aforementioned reasons, in this work we are going to consider
the anisotropic model to investigate the effects of the intermediate inflation with a non-
canonical scalar field [43, 44]. By the way, here we want to answer this question why we
need to deal with non-canonical model instead of pure canonical one. An immediately and
temporary answer may be is intermediate inflation in the standard canonical inflation has
some drawbacks and faced to failure comparing with observations. In Refs.[43, 44] it was
showed that in light of the observations risen from the Cosmic Background Explorer ,COBE,
the scalar and tensor power spectral expressed by intermediate inflation has no any valuable
results. Besides, the aforementioned drawbacks without adding some extra processes to
the model the intermediate inflation never cease, behaves as same as the eternal inflation
[44]. At present work, we want to seek a probable remedy for these problems in which the
canonical, more even non-canonical, inflation with intermediate inflation faced but in an
anisotropic framework.
This work is organized as follows: In Sec. II, we will express the main dynamical equations
for non-canonical Lagrangian in an anisotropic metric. And in Sec. III by virtue of an
intermediate scale factor we will evaluate the inflationary observables and will compare
their results with the Planck 2015 data as a well-known criterion. Also, for the asymptotical
regimes, i.e. canonical intermediate inflation and isotropic background, we will show that
their results are not in a good agreement compared to general at hand proposal and the
planck data. At last, Sec. IV is devoted to conclusion and discussions.
II. NON-CANONICAL MODEL IN AN ANISOTROPIC METRIC
Usually non-canonical inflation could be expressed by the following action
S =
∫
d4x
√−g L(X, φ), (1)
5where Lagrangian L is a function of scalar field φ and its derivatives, i.e. the kinetic term
X ≡ gµν∇µφ∇νφ/2. By varying the action and after some algebra the equations of energy
density ρφ and pressure pφ are obtained as follows: [22–30]
ρφ = 2X
(
∂L
∂X
)
−L , (2)
pφ = L . (3)
As mentioned in introduction the BI cosmology refers to a spatially homogeneous back-
ground but not necessarily isotropic one. As a remembrance please note that we will consider
BI cosmology in entire of this work expect when it has mentioned obviously. The metric of
the BI model could be given by
ds2 = dt2 − A2(t)dx2 − B2(t)dy2 − C2(t)dz2, (4)
where the metric components A,B and C are merely functions of time, for more details
about Lie algebra and isometry group of the BI metric we refer the reader to [59] . From
the literature we know the energy momentum tensor for perfect fluid is expressed by
T µν = diag[ρ,−p,−p,−p], (5)
where ρ and p represent the energy density and pressure respectively. Additionally, the field
equations in the axial symmetry BI metric are obtained as [60–62]
3H2 − σ2 = 1
M2p
(ρφ), (6)
3H2 + 2H˙ + σ2 = − 1
M2p
(pφ) , (7)
where M2p = 1/(8piG) is the reduced Planck mass, and σ
2 = σijσ
ij/2 in which σij = ui,j +
1
2
(ui;ku
kuj + uj;ku
kui) +
1
3
θ(gij + uiuj) is the shear tensor. By virtue of this tensor we can
write down (σiju
j = 0, σii = 0) that describes the rate of distortion of the matter flow. The
scalar expansion introduced by 3H = uj;j where u
j is 4-velocity and in a comoving coordinate
it is given by (ui = δi0). Also the components of the Hubble parameter and the shear tensor
based on the Eq.(4) are expressed as [60]
H =
1
3
(
A˙
A
+
B˙
B
+
C˙
C
), (8)
σ2 = 3H2 − (A˙B˙
AB
+
B˙C˙
BC
+
A˙C˙
AC
). (9)
6If one takes A = Bλ with B = C the scale factor is appeared as a = (ABC)1/3 = (B)(λ+2)/3
where λ is a real constant. Then by assuming H2 =
B˙
B
the Hubble parameter and the shear
are reduced to the following simplified equations
H =
2 + λ
3
H2, (10)
σ2 =
(λ− 1)2H22
3
. (11)
By combining the Friedmann equations and embedded them into the Klein-Gordon equation
the conservation equation is resulted as
ρ˙φ + 3H (ρφ + pφ) = 0. (12)
III. INTERMEDIATE INFLATION FOR AN ANISOTROPIC UNIVERSE AND
NON-CANONICAL LAGRANGIAN
In this section the inflationary behaviour for an intermediate scale factor by means of
extended canonical Lagrangian inside a BI Universe is studied. Now let us turn our attention
to investigate the inflationary evolution in the aforementioned framework. To do so we want
to begin with introducing the namely first and second slow-roll parameters, viz.
ε = − H˙
H2
, (13)
η =
ε˙
Hε
. (14)
To receive an accelerating phase as a necessary part of initial Universe, i.e. a¨ > 0, from
Eq.(13) one immediately realize that the first slow-roll parameter should behave like ε < 1.
Also as mentioned above one of the big triumphes of inflation paradigm was the finding a
remedy to cope with the horizon problem; inflation should drag on in order to persist the
relation of ε < 1 but the acceleration gets much smaller amounts than unity to run inflation.
Hence, inflation occurs and persists if and only if both ε and |η| being much less than unity
and so these assumptions in the literature named usually the slow-roll approximations.
Another critical parameter to drive inflation in expected way is the number of e-fold which
is defined as
N =
∫ t
ti
Hdt =
∫ φ
φi
H
φ˙
dφ. (15)
7In order to solve the horizon problem the number of e-fold should at least become more
than 60 [45]. Now after introducing the necessary instruments of running the inflation we
can go back to the Lagrangian again. The Lagrangian density which we shall consider can
be considered as the following [28, 29]
L(X, φ) = X
(
X
M4
)α−1
− V (φ), (16)
where M has the dimension of mass and α is a dimensionless parameter introduced to afford
turning about to canonical case, i.e. L(X, φ) = X − V (φ). Additionally, the Lagrangian
16 satisfies the requirements ∂L/∂X ≥ 0 and ∂2L/∂X2 > 0 to cope with both the null-
energy condition and physical propagations of perturbations respectively [26]. This type
of Lagrangian has been taken in account in vast number of prior literature to investigate
some steep potentials for chaotic or other inflationary scenarios [28]. To refine the power
law inflation in light of Planck 2013 this Lagrangian has been considered as well [29].
Now let’s start the calculations based on the Lagrangian introduced in Eq.(16). To do so
we want to substitute the Lagrangian (16) into the Eqs. (2) and (3) and thence the energy
density and pressure of the scalar field φ are given by
ρφ = (2α− 1)X
(
X
M4
)α−1
+ V (φ), (17)
pφ = X
(
X
M4
)α−1
− V (φ). (18)
In addition the dynamical equation of the scalar field, i.e. Klein-Gordon equation, by em-
bedding the Eqs.(17) and (18) into the conservation equation (12) will be expressed as
follows
φ¨+
3Hφ˙
2α− 1 +
(
V ′(φ)
α(2α− 1)
)(
2M4
φ˙2
)α−1
= 0. (19)
Whereas we have no any interaction of type of non-minimally coupled chameleonic mecha-
nism here, so by varying the lagrangian with respect to the scalar field we can obtain the
above equation equally to the procedure which have been used in the papers [63–67]. Now
by substituting Eqs. (8,9,10,11) into the Eqs.(17) and (18), the slow-roll parameters, i.e.
Eqs.(13) and (14), based on the potential V (φ) are expressed as follows
εV =
√
3(2λ+ 1)
2 + λ
[
1
α
(
3M4
V (φ)
)α−1(
MPV
′(φ)√
2 V (φ)
)2α] 12α−1
, (20)
ηV =
√
3(2λ+ 1)
2 + λ
(
αεV
2α− 1
)(
2V (φ)V ′′(φ)
V ′(φ)2
− 1
)
, (21)
8The Eqs.(20) and (21), so called the first and second potential based slow-roll parameters
respectively. In addition, the slow-roll approximation implies the potential energy should
be more larger than the kinetic one and therefore the Friedmann equation (6) is reduced to
H2 (φ) =
(2 + λ)2
9(2λ+ 1)
1
M2P
V (φ). (22)
Meanwhile, under the slow-roll condition the dynamical equation of the scalar field, (19), is
took the form
φ˙ = −θ
{√
3(2λ+ 1)
2 + λ
(
MP√
3α
)(
θV ′(φ)√
V (φ)
)(
2M4
)α−1} 12α−1
, (23)
where θ = ±1 when the sign of V ′(φ) is ± [28, 45]. As mentioned in the aforemen-
tioned sections, the main aim of this study goes back to investigate the intermediate
inflation in an anisotropic Universe, i.e. BI Universe. The scale factor expressed as
a = (ABC)1/3 = (B)(λ+2)/3 in which parameter λ introduced to indicate the deviations
of the isotropic background and could be considered a little bit larger or smaller than unity.
Hence the appellation of low anisotropy implies these small deviations; and the component
B of the metric in intermediate inflation is expressed as
B(t) = ai exp
[
κ(MP t)
f
]
, (24)
where ai is the scale factor in y axis direction, i.e. the g22 component of the metric tensor
at the initial time of the inflation. Thereupon, one will be able to obtain the main scale
factor as a = (ai exp[κ
2(MP t)
f ])(λ+2)/3. Signally by virtue of this definition, the parameters
of Hubble and shear could be obtained as follows
H2 =
κ2f 2(Mpt)
2f (2 + λ)2
9t2
, (25)
and
σ2 =
κ2f 2(Mpt)
2f(−1 + λ)2
3t2
. (26)
In the above expressions we have the constraints κ > 0 and 0 < f < 1 [43, 44]. For more
convenient the scale factor is normalized to the present time values as a0 = 1. By using the
Eqs.(6) and (7) with the intermediate scale factor (24) one receives
ρφ =
κ2fM2p (Mpt)
2f (1 + 2λ)
t2
, (27)
pφ = −
κfM2p (Mpt)
f [2(−1 + f)(2 + λ) + κf(Mpt)f(5 + 2λ(1 + λ))]
3t2
. (28)
9Considering the slow-roll condition, i.e. ρφ = V (φ), and Eq.(27) we obtain
V (φ) =
κ2f 2M2P (MP t)
2f (1 + 2λ)
t2
. (29)
Substituting Eq.(29) into (23) we receive a first order differential equation to the scalar field
as follows
φ˙(t) =

−2α (−1 + f) (M4)−1+αMP
√
1 + 2λ
√
κ2f2M2P (MP t)
2f (1+2λ)
t2
α (2 + λ) t


1
2
/α
. (30)
Now, by integrating Eq.(30) and after some manipulations time t could be obtained as a
function of φ,
t(φ) = 2−
2α
−2+f+2α
×

− (2− f − 2α)φ(
−2α(−1+f)(M4)−1+αMP
√
1+2λ
√
κ2f2M2+2fP (1+2λ)
α(2+λ)
) 1
2
/α
α


2α
−2+f+2α
. (31)
Then to find the form of the potential, we can substitute the above solution in Eq.(29) and
it gives
V (φ) = V0φ
s, (32)
where
V0 = κ
2f 2M4P (1 + 2λ)
×

MP

 −(2−f−2α)
2α
(
2α(1−f)(M4)−1+α
√
κ2f2M
4+2f
P
(1+2λ)2
α(2+λ)
) 1
2 /α


2α
−2+f+2α


−2+2f
≡ V0∗κ
4α−2
−2+2α+f
is a constant and
s =
2α(−2 + 2f)
−2 + f + 2α. (33)
It is obvious that the achieved potential behaves like the power law potentials [43, 44].
Whereas the value of the parameter f for the intermediate scale factor (24) gets the values
of betwixt 0 and 1 [42–46]. Thence, from Eq.(33) one can conclude that the parameter s in
(32) must be in the range 0 < s < −2α/(α − 1) to authorize the existence of intermediate
inflation which α > 1 according to equation (16). Since in the standard canonical setting
10
(α = 1), so the s parameter is varying between −∞ < s < 0. Now, given the inverse
power law potential form as source of inflation in the slow roll condition, we can obtain
the necessary relations for determining the inflationary observables. The expression of the
scalar and tensor power spectrum in the slow roll regime are given as [23]
Ps = ( H
2
2pi(cs(ρφ + pφ)1/2
)2aHiso=csk, (34)
Pt = 8
M2p
(
H
2pi
)2aHiso=k. (35)
By considering the Lagrangian (16) and also the Eqs.(10, 20) in anisotropic metric, the
above equations are expressed as [28, 29]
Ps = (2 + λ)
3
(3(2λ+ 1))3/2
1
72pi2cs
(
6ααV (φ)5α−2
M14α−8P M
4(α−1)V ′(φ)2α
) 1
2α−1
aani=csk
. (36)
Pt = (2 + λ)
2
3(2λ+ 1)
( 2V (φ)
3pi2M4p
)
aHani=k
. (37)
To receive equations 36 and 37 we used Hani =
2+λ√
3(2λ+1)
Hiso where subscribes ani and
iso refer to the anisotropic and isotropic respectively. Now let’s explain a little bit more
about the constraint aHani = csk in above equations. In fact, based on leading literature
and textbooks the scalar power spectrum should be assessed at the sound horizon exit that
specified by aHani = csk where k is the comoving wave number and cs refers to the sound
speed [22–30, 45]. Additionally, the sound speed has a definition as follows
c2s ≡
∂pφ/∂X
∂ρφ/∂X
=
∂L(X, φ)/∂X
(2X) ∂2L(X, φ)/∂X2 + ∂L(X, φ)/∂X . (38)
And for our investigation here it takes the following form
cs =
1√
2α− 1 , (39)
where behaves just as a constant. Replacing the potential (32) onto Eqs.(36) and (37) after
some algebra gives
Ps = (
(2 + λ)√
3 (2λ+ 1)
)3 (40)
×
(
6αM8−14αP αµ
4−4α
(
2α(−2+2f)
−2+f+2α
)−2α
(V0)
−2+3α
) 1
−1+2α
72pi2cs
(φ)
α(6f−4)
2α+f−2
aHani=csk
,
11
and
Pt = ( (2 + λ)√
3 (2λ+ 1)
)2
2V0
3M4Ppi
2
(φ)
4(−1+f)α
−2+f+2α
aHani=k
, (41)
where µ = M/Mp. From Eq.(40), it obviously could be seen that for the value of f = 2/3
the scalar power spectrum is appeared as an independent parameter of φ and so it makes
sense like the scale-invariant Harrison-Zel′dovich spectrum. Now, in order to calculate the
evolution of power spectrum based on N , we need the scalar field in terms of the number
of e-folds. Hence, we might need to calculate the values of scalar field at the initiation of
the inflation namely φi. To do this end according to the slow-roll parameter definition i.e.
equation (20) we have
εV =
√
3 (2λ+ 1)
(
α−12−α3−1+αM2αP
(
2α(−2+2f)
−2+f+2α
)2α(
M4
V0
)−1+α) 1−1+2α
2 + λ
φ
s−αs−2α
−1+2α . (42)
Now we can rely on these facts that at the beginning of the inflation εV = 1 therefore easily
we obtain the related value of scalar field as
φi =
[(
α−12−α3−1+αM4α−4Vo
1−αM2αp
)− 1
−1+2α
χ
] 1−2α
−s+2α+sα
, (43)
where χ = (2+λ)√
3(2λ+1)
. By bringing in account the Eq.(15) we get
φ =
(
φ
2−f
−2+f+2α+s
i +
N
Λ
) −2+f+2α
(2−f)(1−s)+2αs
, (44)
where
Λ =
2α(2 + λ)
√
V0(γ
− 2α
−2+f+2α )
−−2+f
2α
3Mp(−2 + f + 2α)(1 + s2 − −2+f−2+f+2α)γ
√
1 + 2λ
,
and
γ =
2α(−2α(−1+f)M−4+4αMp
√
1+2λ
√
κ2f2Mp2+2f (1+2λ)
α(2+λ)
)
1/2α
−2 + f + 2α .
Now, by virtue of Eqs.(40) and (44), the scalar power spectrum in terms of the number of
e-folds is given by
Ps = ( (2 + λ)√
3 (2λ+ 1)
)3
(
6αM8−14αP αµ
4−4α
(
2α(−2+2f)
−2+f+2α
)−2α
(V0)
−2+3α
) 1
−1+2α
72pi2cs
×
((
φ
2−f
−2+f+2α+s
i +
N
Λ
) −2+f+2α
(2−f)(1−s)+2αs
)α(6f−4)
2α+f−2
. (45)
12
Whereas both H , in the slow roll inflation, and cs, in this work are constant. Consequently
at the sound horizon exit, aH = csk, we have [29]
d
dlnk
≃ − d
dN
. (46)
The importance of this relation goes back to calculation the especially spectral indices. For
the scalar spectral index we can write
ns − 1 ≡ d lnPs
d ln k
, (47)
in which by using Eq. (45) we get
ns = 1− (−4 + 6f)α
(2− f)(1− s) + 2αs)Λ
× 1
N
Λ
+
(
((
2−α3−1+αM4(−1+α)V 1−α0 (Mps)
2α
α
)
1
1−2α
χ)
1−2α
s(−1+α)+2α)s+ 2−f−2+f+2α . (48)
Another important parameter one can refer, to investigate the behavior and evolution of the
initial cosmos, is the running parameter. We can consider the running of the scalar spectral
index as
αs =
dns
d ln k
=
(−4 + 6f)α
Λ2(2 + f(−1 + s) + 2s(−1 + α))
×
[
N
Λ
+
(
((
2−α3−1+αM4(−1+α)V 1−α0 (Mps)
2α
α
)
1
1−2α
χ)
1−2α
s(−1+α)+2α)s+ 2−f−2+f+2α]−2
(49)
After the completion of the scalar part, now we can go through the tensor part. In terms of
the number of e-folds the tensor power spectrum, by means of Eqs.(16) and (41), is given
by
Pt = 2V0χ
23Mp
−4pi−2[(
N
Λ
+ (((
2−α3−1+αM4(−1+α)V 1−α0 (Mps)
2α
α
)
1
1−2α
χ)
1−2α
s(−1+α)+2α
)
s+ 2−f
−2+f+2α) 1s+ 2−f−2+f+2α ]−s . (50)
The tensor spectral index is defined as
nt ≡ d lnPt
d ln k
. (51)
Now by using Eqs.(46), (50), and the above equation one can obtain
nt =
−s(−2 + f + 2α)
((2− f)(1− s) + 2αs)Λ
13
× 1
N
Λ
+
(
((
2−α3−1+αM4(−1+α)V 1−α0 (Mps)
2α
α
)
1
1−2α
χ)
1−2α
s(−1+α)+2α)s+ 2−f−2+f+2α . (52)
To measure the amplitude of the primordial fluctuations we need to calculate the tensor-to-
scalar ratio which is defined as
r ≡ PtPs , (53)
where by using Eqs. (45), (50) and (53), it can be expressed by
r =
[[N
Λ
+
(
((
2−α3−1+αM4(−1+α)V 1−α0 (Mps)
2α
α
)
1
1−2αχ)
1−2α
s(−1+α)+2α
)s+ 2−f
−2+f+2α
] 1
s+
2−f
−2+f+2α
]s+ (4−6f)α
−2+f+2α
× 48csV0(6
αM
8−14α
p
V
−2+3α
0 (s)
−2ααµ4−4α)
1
1−2α
M4pχ
. (54)
The consistency relation between observable r and nt in the non-canonical inflation is as
follows
r ≈ −8csnt, (55)
which has an extra cs coefficient comparing to the canonical case, i.e. (r = −8nt) [28, 29].
Replacing Eq.(52) into Eq(55) gives
r ≈ 8css(−2 + f + 2α)
((2− f)(1− s) + 2αs)Λ
× 1
N
Λ
+
(
((
2−α3−1+αM4(−1+α)V 1−α0 (Mps)
2α
α
)
1
1−2α
χ)
1−2α
s(−1+α)+2α)s+ 2−f−2+f+2α . (56)
Subsequently we are going to check the accuracy and consistency of our theoretical results.
To do so we have to make a comparison with observation. One of the best criterions for
our aim could be considered is the data risen by Planck 2013 and 2015 [68]. It is distinct
that one of the most important results of Planck data is the r−ns diagram and the validity
of different models relies on their compatibility to this observation. Therefore, by virtue of
Eqs.(48) and (56) we excited to depict the r− ns diagram for our scenario. This diagram is
shown in figure 1. Besides, the marginalized likelihoods based on Confidence Levels (CLs)
68% and 95% are allowed by Planck 2015 , TT, TE, EE+lowP data [68] and we illustrated
them in the figure 1. Predictions of our model are specified by solid black line for the values
of α = 3, κ = 3.02× 10−12, f = 10−4 and λ = 3.5. From figure 1 it could be visualized that
our results can be considered in acceptable ranges compared to the observations. Then, it
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could be concluded this scenario is able to be regarded as a valid case for explaining the
inflationary scenario. It is clear that the grey, red and blue CLs are correspond to Planck
FIG. 1: The r − ns diagram indicates prediction of the non-canonical intermediate inflationary
model in anisotropy background for the specified values of α = 3, κ = 3.02 × 10−12, f = 10−4
,Mp = 10
18, M = 1012 and µ = 10−6, in comparison with the observational results of Planck
2015. Where the likelihood of Planck 2013 (grey contours), Planck TT+lowP(red contours), Planck
TT,TE,EE+lowP(blue contours) and the thick black line indicate the predictions of our model in
which small and large dots are the value of ns at the number of e-fold N = 55, N = 66.
2013, Planck 2015 TT+lowP and Planck 2015 TT, TE, EE+lowP data respectively [68].
Also in Table (I) we want to study the behaviour of the parameter λ, i.e. the effect of
low anisotropy; one can obviously observe that the prediction of the model for perturbation
parameters are relied upon the specific values of free parameters f, α, κ but different values
for parameter λ. Given the Table (I), it is clear that the r−ns diagram for α = 3 and λ = 3.5
is in more consistency with the Planck 2015 TT, TE, EE+lowP results [68]. Meanwhile, at
λ = 1 and α = 3 the results lead to the non-canonical but isotropic Universe, that the Pshas
a little bit deviation of its observed value by Planck P∗s = 2.17× 10−9
Now we can turn into the running spectral index, αs = dns/dN − ns, behaviour in
comparison to the observational results originated of Planck data. So at first we regard
α = 3, κ = 3.02× 10−12, f = 10−4 ,Mp = 1018, M = 1012, µ = 10−6, and λ = 3.5. Then, by
using Eqs. (48) and (49) we will plot dns/dN versus ns. The plot 2 shows the prediction
of the model could lie insides the joint 68% CLs region of Planck 2015 TT, TE, EE+lowP
data, and satisfies the agreement with observations [68].
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α κ ∗ 10−12 f λ ns r Ps
3 3.02 10−4 3.5 0.978 0.078 2.17× 10−9
3 3.02 10−4 1 0.978 0.078 6.199× 10−10
1 3.02 10−4 3.5 0.964 0.167 2.7× 10590950
2 3.02 10−4 2.5 0.976 0.290 7293.78
1 3.02 10−4 1 0.964 0.130 9.07× 10587695
TABLE I: The prediction of the model for the perturbation parameters ns, r and Ps are prepared for
different values of the free parameters λ and α besides the specified values of other free parameters. Also
we used Mp = 10
18, M = 1012 and N = 55. This analyze shows the best behaviour for the first row of
the table. On the second row we can see the behaviour of non-canonical model in isotropic background in
which there is some deviations almost around one order for Ps. We also examine the canonical case with
anisotropic condition on third row and the result was very far from the observed results, especially the value
for Ps. The amounts for free parameters on the fourth row are supplied for more clarity in comparison. And
finally we consider the canonical case in an isotropic background and the results again were not according
to excepted results originated from observations
IV. CONCLUSIONS
A well-known class of scale factors namely the intermediate ones for a non-canonical
Lagrangian in the anisotropic background has been investigated. The main motivation
of doing such investigation goes back to cope with drawbacks of canonical and isotropic
version of inflationary scenarios. Despite some complications in formulas and calculations,
have been raised because of extension in the model, fortunately and without any hand
made conditions it has bee shown that the obtained potential automatically takes a steep
form, i.e. V = V0 φ
s with s < 0. This class of potentials, as it has been shown, can be
considered as a suitable candidate to run the inflation in an acceptable process, compared
to observational constraints. To examine our proposal we have been followed the slow-roll
method and all necessary parameters have been estimated based on a powerful criterion such
as Planck 2015. Amongst those aforementioned observables we have been focused on the
amplitudes of scalar and tensor perturbations, their ratio, scalar and tensor spectral indices
and their running as well. So by combining resulted potential and slow-rolling approach we
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FIG. 2: The dns/dN −ns diagram show Prediction of the non-canonical intermediate inflationary
model in anisotropy background for the specified values of α = 3, κ = 3.02 × 10−12, f = 10−4
,Mp = 10
18, M = 1012 and λ = 3.5, in comparison with the observational results of Planck 2015.
Where the likelihood of Planck 2013 (grey contours), Planck 2015 TT+lowP(red contours), Planck
2015 TT,TE,EE+lowP(blue contours) and the thick black line indicate the predictions of our model
in which small and large dots are the amount of ns at the e-folding value N = 55, N = 65.
have been tried to examine the accuracy of our estimations and also the claims about the
succusses of Non-canonical anisotropic model. It has been clear one of the most important
results of Planck data is the r−ns diagram, and the validity of theoretical models rely upon
their acceptable compatibility with this criterion. Whereas we have been obtained all the
necessary instruments to examine the validity of our results we could plot them based on the
original figures originated from the Planck collaboration papers, e.g. [68]. Therefore based
on our investigations for r − ns analyzes at first we have been supplied a diagram in Fig.1
and it has been observed that non-canonical anisotropic inflation with an intermediate scalar
field could be considered as a suitable candidate to drive inflation. And then, consequently in
Table. I different asymptotical behaviour based on definitions for the Lagrangian and also BI
metric and the comparability with ns and Ps appeared in Planck have been evaluated. The
best free parameters have been obtained as α = 3, λ = 3.5 and f = 10−4 in which we have
been used some specific values for other parameters like the κ = 3.02 × 10−12 ,Mp = 1018,
and M = 1012. To visualize the aforementioned asymptotical behaviour at first we have
been considered λ = 1 to go back to isotropic background. From this point of view it has
been concluded that even for the well accepted non-canonical Lagrangian the results in the
isotropic universe have some deviations compared to data. Even more the situation could
be absolutely teerible for canonical Lagrangian even in anisotropic background. Besides, in
Fig.2, the predictions for the running spectral index have been appeared also in acceptable
17
ranges comparing with observational data, that has been relied insides the joint 68% CLs
region of Planck 2015 TT, TE, EE+lowP data [68].
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